INTRODUCTION
Cardiovascular disease (CVD) is the main cause of mortality and morbidity in most parts of the world. 1) Consequently, methods for estimating the risk of CVD are needed to reduce both its incidence and disease burden. Decreased kidney function is an independent risk factor for CVD, 2) and is correlated with cardiovascular mortality and morbidity. 3, 4) Immigrants to Western countries are often at high risk for CVD. 5) Investigations have found that individuals who migrate to countries that are more industrialized and wealthier than their birth country are more prone to non-communicable diseases (NCD) than the host population as a result of changes in lifestyle, such as diet and physical activity. 6) However, there are some limitations due to ethnic differences between immigrants and the host population.
Korea was an ethnically homogeneous nation for over 5,000 years and has been divided into North and South Korea for 70 years. South
Korea is one of the most developed countries in the world, whereas
North Korea has experienced economic hardship. 7) Since the 1990s, an increasing number of North Koreans (NK) have fled their country because of severe food deprivation, due in turn to economic failures and natural disasters. 7) Most NK refugees seek asylum in China or South
Korea. The number of NK refugees in South Korea reached 29,543 in June 2016. 8) Most of the previous health-related studies focusing on these refugees have focused on their mental health, 9) growth status, 10) and infectious diseases, such as tuberculosis and hepatitis. 11) In comparison, few studies have investigated risk factors for CVD in NK refugees. To our knowledge, only one previous cohort study examined NCD in NK refugees. 12) Moreover, renal insufficiency, a known risk factor for CVD, has not been examined in this population.
Therefore, this study compared the prevalence of NCD and CVD risk factors, including renal insufficiency, between NK refugees and a South Koreans (SK), which are ethnically homogenous, and investigated the factors related to renal insufficiency in NK refugees.
METHODS

Study Subjects
A case-control study was performed. 
Measurements
Trained examiners interviewed patients using a questionnaire that included items on smoking status, alcohol intake, physical activity, history of medications for diabetes, hypertension, and hyperlipidemia, weight gain since exiting North Korea, and length of residence in North Korea, in a third country, and in South Korea. Smoking status was based on self-reported cigarette use: never-smokers had smoked fewer than 100 cigarettes in their lifetime, and participants who had smoked 100 or more cigarettes were classified as past or current smokers based on their current smoking habits. Alcohol intake was assessed according to the participants' drinking behavior during the month before the interview. Physically active was indicated as 'yes' when the participant performed moderate or strenuous exercise on a regular basis (less than 30 minutes at a time more than 5 times a week for moderate exercise and more than 20 minutes at a time more than 3 times a week for strenuous exercise) or walked more than 30 minutes at a time than 5 times a week.
Weight was measured to the nearest 0.1 kg while the subjects were dressed in light clothing. Height was measured to the nearest 0.1 cm in stocking feet. Body mass index (BMI) was calculated as weight in kg divided by the square of height in meters. Waist circumference was measured using a flexible tape at the narrowest point between the lowest rib and the uppermost lateral border of the right iliac crest. General obesity was defined as BMI ≥25.0 kg/m 2 and abdominal obesity was defined as waist circumference ≥90 cm in men and ≥85 cm in women.
Blood pressure was measured after the subject had rested for 5 minutes in a sitting position. Three readings each of systolic and diastolic blood pressure were recorded, and the average value of the second and third readings was used in the analyses. Hypertension was defined as systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 , based on reports that even a mildly reduced eGFR was associated with CVD. 14) Urinary albumin and creatinine concentrations were measured using a turbidimetric immunoassay and the Jaffe method with a Hitachi-7600 analyzer (Hitachi). Albuminuria was defined according to the albumin/creatinine ratio (ACR), which was calculated by dividing the urinary albumin concentration (mg) by the urinary creatinine concentration (mg).
Statistical Analyses
The results are expressed as mean±standard deviation or as percentages for categorical variables. After applying the Kolmogorov-Smirnov test to assess the normality of distributions, non-normally distributed data were log-transformed before the analysis. Student t-tests or chisquare were used to compare data of NK refugees and the SK participants, who were age-and sex-matched with the NK refugees in a ratio were considered statistically significant. Table 2 shows the disease status of the NK refugees and SKs. The rate of general obesity was significantly higher in NK refugees than in SK Values are presented as number (%) or mean±standard deviation. *P-value for log-transformed data. † Subjects who performed 30 minutes or more of moderate activity at least 5 days a week or 20 minutes of vigorous physical activity at least 3 days a week or walked more than 30 minutes at a time more than 5 times a week were regarded as doing physical activity. individuals (36.8% versus 26.7%, P=0.031). However, the prevalence of abdominal obesity was lower in NK refugees than in SKs (7.7% versus 18.4%, P=0.005). Low eGFR was more prevalent in NK refugees than in SKs (52.1% versus 29.9%, P<0.001). We found no significant betweengroup differences in hypertension, diabetes, hyperlipidemia, or albuminuria.
RESULTS
General Characteristics of North Korean Refugees and South Korean Participants
Comparison of Disease Status between North Korean Refugees and South Korean Participants
Distribution of North Korean Refugees and South Korean
Participants according to the Estimated Glomerular Filtration Rate Figure 1 shows the distribution of the NK refugees and SKs according to the eGFR based on a previous study. 14 
Comparison of Characteristics according to Estimated Glomerular Filtration Rate in North Korean Refugees
Odds Ratio for Low Estimated Glomerular Filtration Rate Prevalence among North Korean Refugees
The odds ratios (ORs) for low eGFR prevalence among NK refugees are shown in 
DISCUSSION
We compared the prevalence of NCD and low eGFR in NK refugees with that of the SK individuals. The prevalence of abdominal obesity was lower in NK refugees and the prevalence of NCD did not differ between groups; however, low eGFR was more prevalent in NK refugees than in SKs. Moreover, after adjusting for other covariates, the prevalence of low eGFR in NK refugees was associated with the length of residence in South Korea.
Previous studies have investigated the effects of immigration/seeking refuge on an individual's health by comparing the health status of immigrants/refugees with that of the host population. They have reported that individuals who migrate to more industrialized countries had a higher incidence of coronary heart disease than the host population as a result of acculturation. 15, 16) However, there were some limitations to these studies because of the ethnic differences between the immigrants and host population. In the present study, it was possible to assess the effects of immigration/seeking refuge without any influ- The rate of obesity, as defined by the BMI, was significantly higher in the NK refugees than in SKs (36.8% versus 26.7%, P=0.031). However, the prevalence of abdominal obesity, as measured by waist circumfer- ence, was lower in the NK refugees than in the SKs (7.7% versus 18.4%, P=0.005). Because BMI can be readily calculated using height and weight data, it has been widely used as a measure of obesity; however, this measure has shortcomings. First, BMI is a poor measure in short subjects because short stature modifies the relationship between BMI and the prevalence of co-morbidities associated with obesity. 17) Moreover, universal BMI criteria are not suitable for the different Asian populations. 18) Indeed, it has been reported that waist circumference is a Subjects who performed 30 minutes or more of moderate activity at least 5 days a week or 20 minutes of vigorous physical activity at least 3 days a week or walked more than 30 minutes at a time more than 5 times a week were regarded as doing physical activity. better predictor of coronary heart disease and type 2 diabetes than BMI. 19) Studies of immigrants in Western countries have found that the prevalence rates of obesity and NCD are lower in immigrants than in the host population, the so-called 'healthy immigrant effect' . 20) In line with these studies, we found that measures of NCD, such as waist circumference, blood pressure, fasting glucose, hemoglobin A1c, and triglyceride levels, were lower in NK refugees than in the SK individuals.
However, one should not conclude that the CVD risk is lower in NK refugees. Moreover, the development of a CVD prevention policy for NK refugees is important for several reasons. First, our study participants were refugees rather than ordinary immigrants, and as such, may have experienced a more burdensome migration because the process is often initiated by factors that drive the individual out of their country of origin. 15) A study found that refugees had higher all-cause and CVD mortality than family-reunified immigrants. 21) Second, although the prevalence of abdominal obesity was lower in NK refugees than in the SK participants, we found no between-group difference in the prevalence of NCD, and a higher prevalence of low eGFR, which
indicates NK refugees might be more vulnerable to CVD. Third, NK refugees are in the lowest socioeconomic bracket in South Korea 22) and therefore have restricted access to healthcare services. 23) We found that low eGFR was more prevalent in NK refugees than in SK individuals. Assessment of immigrant health must consider the fact that their health is the result of risk factors accumulated over a lifetime, including the migration process before, during, and after immigration. 24 ) NK refugees suffered from food shortages in North Korea, 25) and in other countries such as China. 26) Chronic malnutrition may reduce the glomerular filtration rate and alter the glomerular and tubular composition; these effects may persist after nutritional recovery, particularly in children. 27) Migration involves major changes that alter social, familial, and work arrangements and cause economic disruption, which may lead to mental stress. 15, 28) Moreover, refugees are likely to have experienced serious stressors, such as war, torture, loss of family and friends, and long asylum procedures. 15) Such psychological stressors increase sympathetic nervous system activity and inflammatory cytokine levels, 28) which may impair kidney function.
Studies have shown that factors related to adaptation and integration into a new social and cultural environment may influence behavioral and CVD risk factors. 16) In a study of United States immigrant subgroups, length of residence in the United States was associated with a higher BMI. 6) In the Multi-Ethnic Study of Atherosclerosis, 29) the authors demonstrated that higher acculturation was associated with worse kidney function in Hispanics, and this might have been mediated by health behavior (but not by comorbidities).
However, our findings had some discrepancies. Despite the lack of a difference in NCD prevalence between the groups, and lower abdominal obesity in NK refugees, low eGFR was associated with the length of residence in South Korea. Although it is challenging to explain these discrepancies, there is a plausible explanation: the NK refugees might already have had a history of impaired kidney function while in North Korea because of malnutrition and mental stress. A longer residence in South Korea, behavioral changes such as reduced physical activity, and a diet higher in sodium, might further reduce kidney function before the onset of obesity. The refugees in our study had resided in South Korea for an average of 6.7±2.9 years and previous evidence suggests that, 15 years after migration, the prevalence of obesity in immigrants is similar to that in the host population. 6) In addition, NK ref-
ugees often rely on processed and fast-food meals, which frequently have a high salt content 30) because they lack a primary meal preparer. 22) Consequently, they consume 3.8 g of sodium per day according to one study, which is higher than the World Health Organization recommendation (<2.0 g per day). 22) Higher sodium intake is associated with a decline in eGFR in individuals with preserved kidney function. 31) Nevertheless, this finding might be a residual effect of insufficient adjustment for covariates or other variables that we did not measure.
The primary strengths of our study lie in the fact that NK refugees and SK people are ethnically homogenous, so it is possible to evaluate the effects of immigration/seeking refuge without considering genetic differences. However, several study limitations should also be considered. First, we used a cross-sectional design. Second, we did not obtain a direct measurement of glomerular filtration rate. Although inulin clearance is the gold standard, it was not feasible in a large epidemiological study. Third, we were unable to obtain detailed data on the medications used by the participants. Fourth, we were unable to obtain health-related data during their life in North Korea and after their escape from North Korea. Finally, because of the small number of NK refugees in our study, our results might reflect low statistical power.
Further prospective studies are required to fully evaluate the association between low eGFR and related factors among NK refugees.
In conclusion, the prevalence of NCD did not differ between NK refugees and SK individuals. However, low eGFR was more prevalent in NK refugees than in SKs. Moreover, after adjusting for other covariates, the prevalence of low eGFR in NK refugees was associated with the length of residence in South Korea.
